Abstract: In this paper, 450 relevés of grassland vegetation of the Molinio-Arrhenatheretea class in northwest Croatia have been classified using the agglomerative Ward's Method in the PC-ORD program. In the process of classification, the following seven groups were obtained: 1. Bromus erectus-Arrhenatherum elatius, 2. Arrhenatherum elatius, 3. Crepis biennisArrhenatherum elatius, 4. Luzula campestris-Holcus lanatus, 5. Deschampsia cespitosa-Betonica officinalis, 6. Equisetum palustre, 7. Oenanthe silaifolia-Alopecurus pratensis. The results of the classification for the most part correspond to the traditional syntaxonomic system. The plant communities with the largest number of relevés in the data set are the association Arrhenatheretum elatioris "typicum" (group 2) and the association Holcetum lanati (group 4). They represent the most anthropogenically influenced grasslands of the study area. In the analysis of the ecological factors by PCA in the CANOCO program it is established that separation of the relevés is influenced most greatly by moisture, followed by humus, temperature, light and soil reaction. From the standpoint of nature conservation, the wet meadows of the Molinietalia order are the most valuable, because of the notable diversity of species and communities, as well as a considerable number of threatened plant species.
Introduction
Mesic and wet grassland vegetation is, along with forest vegetation, one of the most widespread vegetation types in northwest Croatia. Research on grasslands is important in many respects. From the aspect of nature protection, grasslands represent a habitat for numerous plant and animal species; and, through their diversity, contribute greatly to the biodiversity and scenic value of the area. From the economic standpoint, grasslands are a source of feed for stock, a habitat for medicinal and melliferous plants. Phytosociological investigation -i.e. classification of grassland communities -is important for all aspects of the study of grasslands.
In Croatia, over the last eighty years, phytosociological research has been conducted according to the methodology of Braun-Blanquet (1964) . The primary traditional syntaxonomic system of mesic and wet grasslands of the Molinio-Arrhenatheretea class was established by Horvatić (1930) . This system was later expanded by many botanists (Horvat 1962; Ilijanić 1968; Šegulja 1974 , 1977a Hruška-Dell'Uomo 1974 , 1976 Hulina 1976 Hulina , 1983 Ilijanić & Šegulja 1978 Ilijanić & Šegulja , 1983 Šegulja & Topić 1986; Regula-Bevilacqua 1978 Stančić 2000; and others) . A detailed synthesis of all types of grassland communities, as well as all the other types of vegetation of southeast Europe, was given in the book "Vegetation Südosteuropas" (Horvat et al. 1974) . Through the activities of numerous researchers over many years, a great number of relevés has accumulated. In recent times, the need for revision of the traditional syntaxonomic system of grassland vegetation in Croatia has made itself ever plainer. To this end, so far, there has been no attempt at numerical classification.
In contrast, giant strides have been made in some other countries over the last 30-40 years with the development of numerical methods (Whittaker 1980; Gauch 1982; Wildi 1986; Digby & Kempton 1987; Jongman et al. 1997; Podani 2000; Knollová et al. 2005; Černá & Chytrý 2005; Tichý & Chytrý 2006) . Many of these methods have been successfully applied in the classification of grassland vegetation by many authors, such as Hauser (1988) , Bruelheide (1995) , Steinbuch (1995) , Ermakov et al. (1999) , Jandt (1999) , Bruelheide & Chytrý (2000) , Havlová et al. (2004) , Botta-Dukát et al. (2005) , and others.
Since the Croatian grasslands have not been systematically investigated for a long time, the main tasks of this paper are: (1) to classify the grassland vegetation of northwest Croatia using numerical methods, (2) to compare these results with the traditional syntaxonomic system, and (3) to examine the influence of certain ecological factors on variation in grassland vegetation.
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Z. Stančić 130 and 200 m a.s.l., hilly landscapes of between 200 and 400 m a.s.l., and mountains rising no higher than 1060 m a.s.l. . There is a mixture of arable land, forest and grassland vegetation. The agriculture is mostly extensive.
The Međimurje and Varaždinska Podravina regions lie in the wide valleys of the Drava and Mura rivers. They are under the considerable anthropogenic influence of hydromelioration and intensive agriculture. Arable land is prevalent.
Climatically, the annual average temperature in northwest Croatia is about 10
• C (Crkvenčić et al. 1974) . Annual precipitation ranges between 800 and 1100 mm. It is present during the whole year, with two maxima: at the beginning of spring, and in late autumn. In general, it decreases from the west towards the east. In the Zagorje region, the annual precipitation is around 900-1100 mm. In the Međimurje and Varaždinska Podravina regions, the annual precipitation is between 800 and 900 mm.
About a third of northwest Croatia is covered with grassland vegetation, most of which is located in valleys. The landscape of this region is characterized by the fragmentation of land property. The land use is mostly extensive. Meadows are mown two or three times per year, and some stands are exposed to grazing during late summer and in autumn. The first hay is collected in the second half of May and in June, the second hay in July or August, and the third in late August and September. The hay is still most frequently left to dry on the meadow, and very rarely ensiled. A small number of meadows are occasionally fertilized with manure or mineral fertilizers.
The biodiversity of grassland flora and vegetation is nowadays becoming more and more endangered. The main threats are: abandonment of mowing, the hydromelioration of water courses, the fragmentation of grassland habitats, the transformation of meadows into construction sites, etc. The most endangered are the wet habitats of the Molinietalia order and the hill-slope habitats of the FestucoBrometea class. These habitats are especially interesting from the point of view of nature preservation (Riecken et al. 1994; Rennwald 2000; Dierschke & Briemle 2002) .
Methods
The research on the grassland vegetation of the MolinioArrhenatheretea class in northwest Croatia was conducted between 1992 and 2001. The data were collected using methodology according to Braun-Blanquet (1964) . The relevés were mostly taken in 5×5 m plots (i.e. 25 m 2 ), which is the recommended surface for grassland vegetation (Dierschke 1994) . The abundance of plant species was estimated using the Braun-Blanquet scale (+, 1, 2, 3, 4, 5) , which has been taken as the standard in Croatia (Horvat 1949) . Cover-abundance values were transformed according to van der Maarel (1979) , as follows: + → 2, 1 → 3, 2 → 5, 3 → 7, 4 → 8, 5 → 9.
The relevés processed in this paper were mostly sampled from the author's own field research, while a lesser part was taken from the available literature: three relevés from Horvatić (1930) , 30 relevés from Regula-Bevilacqua (1980) , one relevé from Hulina (1983) , two relevés from Ilijanić (1988) and one relevé from Ilijanić et al. (1998) .
Each relevé was geocoded in the field using the GPS devices Magellan 3000 XL or Garmin Etrex Summit, and the coordinates of the relevés taken from the literature were read from maps.
During the sampling, care was taken concerning the distance between the plots, i.e. the spatial autocorrelation issue (Dale et al. 1991; Jongman et al. 1997; Schiegg 2003) . In order for two relevés not to be overly influenced by each other's seeds and clonal plants, 100 m was taken as the minimum distance between two relevés during the field research, with that distance being much greater in the majority of cases. The selection of relevés taken from literature was governed by the principle that from a group of adjacent relevés only one was included.
All data were stored in the TURBOVEG database (Hennekens & Schaminée 2001) .
The nomenclature of the plant taxa follows Wisskirchen & Haeupler (1998) , and the few species absent from Germany were named according to Ehrendorfer (1973) . The names of plant communities and their syntaxonomic position have been adjusted mainly with Horvatić (1930) , Ellmauer & Mucina (1993) , Botta-Dukát et al. (2005) and Chytrý (2007) . Full Latin names, with names of authors and year of first valid description, are given in the syntaxonomic scheme (Fig. 4) .
The primary matrix dimensions used in the numerical analysis were 450 relevés by 333 plant taxa.
In the process of classification, the agglomerative hierarchical method known as Ward's Method (Jongman et al. 1997) in the PC-ORD program (McCune & Mefford 1999) was applied. A matrix of 450 relevés by 223 plant taxa was used in the analysis, since species in the data set with frequencies of three or lower were excluded. As distance measures, the Relative Euclidean and the Euclidean distance were employed. According to Podani (2000) , the Relative Euclidean distance is sensitive to the relative proportion of species abundances, and works better at higher classification levels, i.e. classification based on species composition or at the ends of a gradient. On the other hand, the Euclidean distance measure is more influenced by the cover values of dominant species, and therefore works better at lower levels, i.e. classification based on dominants, or in the middle of a gradient. Based on this theory, first, a cluster analysis using Relative Euclidean distance and Ward's Method was carried out with the whole data set. This resulted in three groups at the ends, and unclear groups in the middle, of the moisture gradient. The three groups at the ends of the gradient, one group in drier habitats and two in wet ones, were then taken out of the main matrix. The classification process was repeated once more with the remaining relevés from the middle of the gradient with floristically homogeneous data using the Euclidean distance and Ward's Method, and four more groups were obtained. The final result of the classification is seven clusters, or groups. The classification level of seven groups was chosen subjectively because of good interpretation possibilities and an overlap with the traditional syntaxonomic system.
For the visualization of relationships between groups obtained in classification, the non-metric ordination method known as multi-dimensional scaling (MDS) was carried out in the PC-ORD program (McCune & Mefford 1999) with Sørensen (Bray-Curtis) coefficient as a measure of similarity (Fig. 2) . In the analysis, 200 iterations were used, 50 runs with real data and 50 runs with randomized data.
The floristic composition of the grassland vegetation is shown in the synoptic table (Table 1 ). The synoptic table is divided into two parts: with the fidelity values of species (Table 1, part a) and their frequencies (Table 1, part b). The fidelity is expressed as u-value (hypergeometric) adj. (Chytrý et al. 2002; Tichý & Holt 2006) . Square-rooted transformation of cover values was applied in the calculation. Plant species which have fidelity values equal to or greater than 1.7 have been taken as diagnostic species of groups obtained in classification. The fidelity values and frequencies were calculated using the JUICE program (Tichý & Holt 2006) . For the arrangement of species into syntaxonomic and ecological groups, the works of the following authors have been used: Dierschke (1997) , Wilmanns (1998) and Oberdorfer (1993 Oberdorfer ( , 2001 . Threatened plant species are taken according to Nikolić & Topić (2005) and marked in the synoptic table, as well as neophytes.
The names of the groups are given either according to the species with the highest fidelity values or the species that determine the physiognomy of vegetation.
The influence of some ecological factors on variation in grassland vegetation was examined by the Principal Components Analysis (PCA) in the CANOCO 4.5 program (ter Braak & Šmilauer 2002) . Averaged values of ecological factors and categorical synoptic table, for each group, were employed (Tichý & Holt 2006) (Fig. 3) . In the analysis, measurements of soil parameters and Ellenberg indicator values (Ellenberg et al. 1991) were used. During the field work, mixed soil samples were taken from most of the meadow vegetation plots, and the following soil analyses were made according to Steubing (1965) and Škorić (1973) : determining the soil reaction in a H2O and KCl solution at a volume ratio of 1:2.5; the quantity of CaCO3 by the volumetric method according to Scheibler; the quantity of humus and organic matter according to Tjurin; and total nitrogen according to Kjeldahl-Foerster. Some ecological factors have been examined using the Ellenberg indicator values, and these are the following: light, moisture, soil reaction, temperature and nutrient. In the calculation, weighted means of Ellenberg indices and cover values were applied.
Results and discussion
Descriptions of the groups obtained by classification Group 1: Bromus erectus-Arrhenatherum elatius This group of relevés belongs to the Arrhenatheretum elatioris association in broad terms. Because of the drier type of habitat, species from the Festuco-Brometea class are also represented. Phytosociologically, the greatest number of relevés of this group corresponds to the Ranunculo bulbosi-Arrhenatheretum association (Ellmauer & Mucina 1993; Ellmauer 1995) . Some stands are also related to the Arrhenatheretum association with Salvia pratensis according to Ellenberg (1996) . A small number of relevés represent the transition to-Z. Stančić 
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Part a -species fidelity expressed as u-values ( wards the dry meadows of the Festucion rupicolae alliance within the Festuco-Brometea class, which Soó (1971) notes for Hungary. A few relevés show the transition towards the Onobrychido viciifoliae-Brometum association within the Festuco-Brometea class, which is already known in northwest Croatia (Hulina 1981; Regula-Bevilacqua 1983) . In this group, Arrhenatherum elatius is present in the majority of relevés, but with low cover values. The most frequent dominant species of that group are: Salvia pratensis, Bromus erectus, Helictotrichon pubescens, Festuca rupicola, Rhinanthus minor, and Medicago lupulina. The habitats are on hill slopes or flat terrains with low soil moisture and low content of humus and nutrients (Fig. 3) . Soil reaction shows high values, as well as a considerable amount of calcium carbonate (Fig. 3) . This type of grassland is largely disappearing with the abandonment of mowing.
Group 2: Arrhenatherum elatius This group of relevés also belongs to the Arrhenatheretum elatioris association in broad terms. According to the traditional syntaxonomic classification in Croatia, this vegetation type mostly corresponds to the association Arrhenatheretum elatioris "medioeuropaeum" in the sense of the description by Ilijanić & Šegulja (1978 Ilijanić & Šegulja ( , 1983 . This group can also be considered as Arrhenatheretum typicum according to Ellenberg (1996) and as Pastinaco sativae-Arrhenatheretum elatioris according to Passarge (1964) . In most cases, the relevés are dominated by Arrhenatherum elatius, and have a uniform appearance. In a small number of relevés, Dactylis glomerata, Festuca pratensis and others appear as dominant species. The habitats of this group are mostly flat areas in valleys, or less frequently very gentle hill slopes. These grasslands lie out of the floodwater's reach, and they are a little more moist than the stands of group 1, but drier than the stands of group 3 (Fig. 3) . This type of vegetation has an economic value as quality hay meadows, mown two or three times per year. Due to regular mowing and occasional fertilization, this group is under considerable anthropogenic influence, and consequently there are numerous ruderal, weed and neophyte species (Table 1) . The soil is moderately acidic, carbonate-poor and relatively poor in humus and nutrients (Fig. 3 ).
Group 3: Crepis biennis-Arrhenatherum elatius This group of relevés also belongs to the Arrhenatheretum elatioris association in broad terms, while more narrowly it is similar to the Ononido-Arrhenatheretum elatioris association (Ilijanić & Šegulja 1983) , diagnostic species of which are widespread in southeast Europe. The main character species of this association, Ononis arvensis, appears most frequently in this group.
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However, it has to be pointed out that Ilijanić & Šeg-ulja (1983) did not clearly characterize and differentiate the Ononido-Arrhenatheretum elatioris association from the other Arrhenatheretum elatioris communities. Stands of this group could also be considered as Pastinaco sativae-Arrhenatheretum elatioris according to Passarge (1964) . This group generally has more dominant species with lesser cover values. The most frequent dominant species are: Crepis biennis, Ranunculus acris, Arrhenatherum elatius, Festuca pratensis, and in a lesser number of relevés, also: Galium mollugo, Trifolium pratense, Leontodon hispidus, Galium verum, Holcus lanatus, Daucus carota, Plantago lanceolata, and some other species. Such stands appear rather heterogeneous. The species Arrhenatherum elatius, despite its presence in the majority of this group's relevés, occurs as dominant only in some of the relevés, in contrast to the previous group. The habitats of this group are moister than the habitats of the preceding groups, but out of the reach of floodwater. The soil is mostly carbonate, with high pH values, and it is better supplied with nutrients than group 2 (Fig. 3) . This group comprises fewer ruderal, weed and adventive species in comparison with group 2 (Table 1) , and therefore it could be considered as more natural vegetation. From an economic standpoint, these are quality hay meadows, mown two or three times per year.
Group 4: Luzula campestris-Holcus lanatus
This type of grassland vegetation is relatively clearly physiognomically and ecologically characterized. The majority of the relevés in this group is dominated by Holcus lanatus and is situated in lowlands. These stands correspond for the most part to the association Holcetum lanati (Chytrý 2007) and to the subassociation Bromo-Cynosuretum cristati holcetosum lanati (Horvatić 1930) . It should be pointed out that Holcus lanatus has a very wide ecological range and it is present in the other groups (Table 1) , but in the majority of cases not as a dominant species. A considerable number of relevés within this group are low, sparse stands on hill slopes, and belong to the following subassociations: Bromo-Cynosuretum cristati hypochoeridetosum radicatae (Hruška-Del'Uomo 1974 , 1976 , and Bromo-Cynosuretum cristati danthonietosum (Šeg-ulja 1974, 1977a) . The meadows of this group also show some floristic similarities to the Cynosurion alliance. The character species of this alliance, according to Wilmanns (1998) , are: Cynosurus cristatus, Trifolium repens and Leontodon autumnalis. These species are also present in this group's relevés, but communities of the Cynosurion alliance develop in the mountainous belt and are exposed to grazing. In contrast, the grasslands of the Luzula campestris-Holcus lanatus group are typical hay meadows, mown once or twice per year, and are grazed only occasionally in autumn. The economic value of these habitats is not great since they do not contain high-quality cattle feed plant species. The most frequent dominant species of this group are: Holcus lanatus, Ranunculus acris, Leontodon hispidus, Leucanthemum vulgare, Rhinanthus minor, Trifolium pratense, Briza media. In terms of nature conservation, these meadows show the highest floristic richness in the data set (Table 1) ; the low, sparse stands on the hill slopes being especially rich in species. The soil is noncarbonate and nutrient-poor, and shows low pH values (Fig. 3) . In the floristic composition, a number of species indicating acidic soil reaction occur, such as: Luzula campestris, Hypochoeris radicata, Anthoxanthum odoratum, Carex pallescens, Stellaria graminea, Danthonia decumbens, Veronica officinalis, Campanula patula, Carex ovalis and Polygala vulgaris. The soil is relatively moist, but not affected by floodwater.
Group 5: Deschampsia cespitosa-Betonica officinalis A considerable number of relevés in this group, with Deschampsia cespitosa as the dominant species, belong to the Deschampsietum cespitosae association (Horvatić 1930) . Several relevés correspond to the BromoCynosuretum cristati brometosum racemosi subassociation (Horvatić 1930) . Relevés dominated by Alopecurus pratensis, but with very few species of wet habitats, are related to the Poo trivialis-Alopecuretum pratensis association (Chytrý 2007) . A small number of relevés, with Betonica officinalis and Moenchia mantica as the dominant species, require further phytosociological research. The most frequent dominant species are: Alopecurus pratensis, Deschampsia cespitosa, Betonica officinalis, Moenchia mantica, Bromus racemosus, Centaurea jacea s.l. incl. C. nigrescens, and Alopecurus rendlei. The grassland vegetation of this group develops on terrain influenced by great fluctuation in soil moisture. In the rainy season, these habitats are most often either very moist or flooded, and in the summer they become desiccated. Therefore, species that are characteristic of the dry habitats of the Arrhenatheretalia order, and even more the species that are characteristic of the moist habitats of the Molinietalia order occur in this group. The soil is moderately rich in nutrients, it is non-carbonate and shows low pH values (Fig. 3) . The economic value of these grasslands is not great in most cases, as their forage is neither abundant nor of high quality, but they are interesting as habitats of threatened plant species (Table 1) , such as: Alopecurus rendlei, Carex flava agg., C. panicea, C. riparia, C. rostrata, Fritillaria meleagris and Iris sibirica.
Group 6: Equisetum palustre The stands of this group are often dominated by a small number of species, so that it is possible to distinguish several communities. Most of the relevés belong to the associations of the Calthion alliance: AngelicoCirsietum oleracei, Equiseto-Scirpetum sylvatici (Šeg-ulja 1974, 1977b) and Scirpetum sylvatici. A number of the relevés are related to the Bromo-Cynosuretum cristati association in broad terms. Some of the relevés also represent the transitions between the alliances Calthion and Magnocaricion. This could be explained by the fact that marshland communities dominated by Carex species develop in numerous terrain microdepres-sions within meadow complexes (Stančić 2007) . This group also includes a few relevés which represent transitions towards the Scheuchzerio-Caricetea fuscae class, and the indicators for this are the following species: Carex flava agg., Eriophorum angustifolium, E. latifolium and Carex nigra. The most frequent dominant species of the Equisetum palustre group are: Ranunculus acris, Equisetum palustre, Scirpus sylvaticus, Ranunculus repens, Carex acuta, and Holcus lanatus. The habitats are very moist terrains with frequent floods. Most of them are mown once or twice per year. The soil is well supplied with humus, nitrogen, nutrients in general, and calcium carbonate, and it shows high pH values (Fig. 3) . Because of the sufficient amount of moisture and nutrients, these grasslands are often very luxuriant. This vegetation is slowly disappearing due to the abandonment of mowing, overgrowth by woody species, and water flow regulation. The communities of this group are valuable in terms of nature conservation. They contain the largest number of threatened plant species in the whole data set (Table 1), such as: Carex echinata, C. flava agg., C. panicea, C. nigra, C. riparia, C. vesicaria, Dactylorhiza majalis, Eriophorum angustifolium and Fritillaria meleagris.
Group 7: Oenanthe silaifolia-Alopecurus pratensis During the application of various classification methods, it was observed that this group is the most distinct within the whole data set. Therefore a new association, Oenantho silaifoliae-Alopecuretum pratensis, has recently been described in a separate paper (Stančić 2005) . The association can be recognized by the dominance of Alopecurus pratensis, and by many species of very moist habitats of the Magnocaricion alliance and the Molinietalia order. In west Serbia, Cincović (1959) described the Trifolio pallidi-Alopecuretum pratensis trifolietosum hybridi subassociation within the Arrhenatheretalia order, which develops in very wet habitats. In contrast to Cincović (1959) , in my opinion trifolietosum hybridi does not belong to the Arrhenatheretalia order (Stančić 2005) . Based on the floristic composition and the ecological features, the communities Oenantho silaifoliae-Alopecuretum pratensis of northwest Croatia and Trifolio pallidi-Alopecuretum pratensis trifolietosum hybridi of west Serbia are very closely related, and could be taken as a syntaxonomic synonym. The meadows of the association Oenantho silaifoliae-Alopecuretum pratensis most often develop in terrain micro-depressions in stream valleys, which are exposed to floods during the heavier rainfalls and to a high underground water level. Much nutrient comes to the habitat through flooding. The soil is deep and compact, clayey and loamy, and rich in nitrates and humus.
It is a non-carbonate or low-carbonate soil, with a moderately acidic reaction. The stands of this association are of luxuriant growth, and are used semi-extensively as quality hay meadows, mown two or three times a year. The grasslands of this group exhibit a considerable number of threatened species, such as: Allium angulosum, Alopecurus rendlei, Carex panicea, C. nigra, C. riparia and Fritillaria meleagris.
Syntaxonomy
The standardization of a grassland syntaxonomic system is an indispensable task in many European countries (Bruelheide & Chytrý 2000) . The most significant problems of classification are the lack of good diagnostic species with narrow ecological ranges, and the continuous nature of the data. Furthermore, there is no known numerical classification method that can provide a perfect match to the traditional classification. The traditional classification system was created by different authors, each of them using different criteria. The consequence of this is that many of the traditionally described associations are very general, such as Arrhenatheretum elatioris, while some are very specific, such as Scirpetum sylvatici. In Croatia, this is the first attempt at numerical classification of grassland vegetation and its revision after a long time (Horvatić 1930; Ilijanić 1968; Šegulja 1977b) . For simplicity of application, this paper tries to remain at least to some extent within the traditional syntaxonomic framework.
The main results of the classification are:
In the process of classification, seven groups were obtained at a more general level. Each group corresponds to one or more traditionally described associations (Fig. 4) . The groups are mostly distributed along the moisture gradient, followed by the humus, nutrient, nitrogen, temperature, light and soil-reaction gradients (Fig. 3) .
The first four groups develop in drier habitats, out of floodwater reach. Based on their floristic composition and ecological features, they belong to the Arrhenatherion alliance and the Arrhenatheretalia order. Group 4 corresponds for the most part to the association Holcetum lanati, which was assigned, for example, in the Czech vegetation survey (Chytrý 2007) , to the alliance Deschampsion cespitosae within the Molinietalia order. In contrast to that, in this paper the association Holcetum lanati is ranked within the Arrhenatherion alliance and the Arrhenatheretalia order. The reasons for that are: there are more species of the Arrhenatheretalia order and fewer of the Molinietalia order (Table 1) , there are also some species of the Festuco-Brometea class (Table 1) , and group 4 is closer to other groups of drier habitats than to the order Molinietalia in the ordination graph (Fig. 3) , especially with respect to the moisture gradient.
The last three groups correspond, ecologically and phytosociologically, to wet grasslands of the Molinietalia order and two alliances: Calthion and Deschampsion cespitosae. The Molinion alliance was not found in northwest Croatia. The groups in wet habitats show considerable heterogeneity in their floristic composition (Figs 2, 3 ) and in the number of corresponding communities (Fig. 4) , which is in accordance with the results of calculated β diversity in the paper by Havlová et al. (2004) . It should also be stressed that the highest number of threatened plant species in the investigated data set develops in the wet habitats of the Molinietalia order (Table 1 ). All these facts indicate that wet meadows are valuable from the standpoint of nature conservation.
The first three groups correspond to the Arrhenatheretum elatioris association in broad terms (Ellenberg 1996; Dierschke 1997). As described in detail above, these three groups differ from each other in floristic composition, appearance, cover values of common species and ecological features. Group 1 is the most distinct among the investigated Arrhenatheretum associations, and placed at the end of the moisture gradient (Fig. 3) . Groups 2 and 3 are more similar, and they could also be considered as the broadly understood association Pastinaco sativae-Arrhenatheretum elatioris, which is commonly used (cf. Chytrý 2007) . However, it is obvious that the species Arrhenatherum elatius has a wide ecological niche, and the associated stands can be assigned to numerous Arrhenatheretum elatioris associations (Passarge 1964; Ilijanić & Vučković 1982; Ilijanić & Šegulja 1983; Ellmauer & Mucina 1993; Oberdorfer 1993; Ellenberg 1996; Dierschke 1997 and many others) . This fact suggests that a revision of the Arrhenatheretum elatioris association in broad terms in Croatia and in the wider region is necessary.
In this paper, the associations Ranunculo bulbosiArrhenatheretum and Holcetum lanati have been noted within the Arrhenatherion alliance for the first time in Croatia. Also, as a result of the classification analysis in this paper, a new association, Oenantho silaifoliaeAlopecuretum pratensis, within the Deschampsion cespitosae alliance, has been described in a separate publication (Stančić 2005) .
The results of classification show that the BromoCynosuretum cristati association described by Horvatić (1930) is taken too widely (Fig. 4) and should be divided into several associations within different alliances. The character species of this association are: Cynosurus cristatus, Trifolium patens, Poa trivialis, Ophioglossum vulgatum, Gaudinia fragilis and Alopecurus rendlei. These species have very wide ecological ranges (Table 1) and are not suitable as diagnostic species.
Visualization of classification results by the MDS method (Fig. 2) shows more or less clear grouping of obtained clusters, despite the continuous nature of the data. The data are mostly distributed along the moisture gradient. In the ordination graph, the most distinct groups are 6 and 7. They belong to the wettest habitats. Other groups are placed in a dense, elongated cloud, with the largest number of relevés within the data set.
In the preparatory phase of this work, numerous and various classification methods were tested. Ward's method proved to be the most logical solution. Groups obtained in classification for the most part overlap with the existing traditional syntaxonomic system in Croatia. Groups 1, 2, 3 and 7 correspond to specific associations. Groups 4, 5 and 6 correspond each to several communities, which could be taken as a disadvantage or discrepancy between the results yielded and the traditional syntaxonomic system. However, the results of this paper are not final syntaxonomic solutions; they are only one step in the investigation of Croatian grasslands, and indicate the need for further phytosociological and ecological research.
The number of relevés within groups mainly reflects the proportion of specific grassland types in northwest Croatia. The largest number of relevés in the data set belongs to groups 2 (Arrhenatherum elatius) and 4 (Luzula campestris-Holcus lanatus). These vegetation types are the most widespread in the study area (Fig. 5) and develop under considerable anthropogenic influence. The anthropogenic influence is reflected in the presence of many ruderal, weed and adventive species (Table 1) .
Analysis of ecological factors
The relation between ecological factors and grassland vegetation is shown on the PCA ordination graph along the first and second ordination axes, and along the first and third ordination axes (Fig. 3) . The first axis (eigenvalue = 0.55) is strongly associated with the moisture gradient, humus content gradient, and temperature, followed by total nitrogen content and nutrient. It is clear that all kinds of nutrients and temperature increase with moisture in the habitat. Light also corresponds to the first ordination axis, but its value rises as moisture in the habitat falls. The second ordination axis (eigenvalue = 0.14) does not correlate with any of the investigated ecological factors in this paper. The third ordination axis (eigenvalue = 0.11) correlates with measured pH values, measured calcium carbonate and soil reaction expressed through Ellenberg indicator values. The results of the ecological analysis conducted in this paper are mostly in accordance with the investigations of other authors (Ellenberg 1996; Losvik 1993; Hájek & Hájková 2004; Havlová et al. 2004 ).
Distribution of Grassland Vegetation Types in the study Area
The spatial distribution of the relevés and the grassland vegetation groups in northwest Croatia is shown on the maps (Fig 5, 6 ). It can be seen that the groups Z. Stančić are not evenly distributed. Grasslands in the intensively anthropogenically influenced valleys of the Drava and Mura rivers in the Međimurje and Varaždinska Podravina regions mostly belong to the Arrhenatheretalia order. The best-represented groups are: group 2, followed by group 4 and group 1. In contrast, all seven grassland vegetation groups can be found in the region of Zagorje, due to its very diverse relief and mostly extensive agriculture.
The region of northwest Croatia is phytogeographically related to Central Europe, owing to the presence of the Molinio-Arrhenatheretea class, but it still exhibits some floristic peculiarities. In general, the communities under a greater anthropogenic influence are uniform and more similar to those in the region of Central Europe, while the communities in the extensively managed habitats are more characteristic of their phytogeographic location.
